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SOME CHARACTERISTICS03’SPRAYS OBTAINEDE’ROM

PINTLE-TYPEINJECTIONNOZZLES

By E. T. Marsh and C. D. Waldron

SUMMARY

This reportpresents the results of tests made with
two pintle-typeinjectionnozzles, one having a pintle
angle of 8°, the other a pintle angle of 30°. The fuel
was injectedinto a glass-windowedpressure chamberand
the spray photographedby means of the N,A.C.A, spray-
photographyapparatus.

Curves are presented that give the penetrationof the
spray tips when fuel oil is injectedby pressuresof 1,500
to 4,000 pounds per square inch into air at room tempera-
ture and densitiesof 11 to 18 atmospheres. High-speed
sparkphotographsshow the appearanceof the sprays in air
at a density of 18 atmospheres. The results indicatethat
the pintle angles have little effect on the size of the
spray cone angle, which is about the same as that of spray6
from plain round-holeorifices. The penetrationof the
spray from the nozzle with an 8° pintle is slightlyhigher
than that of the spray from the nozzlewith the 30° pintle.
The penetrationof the spraysfrom the pintle nozzles,for
comparableconditionsof injectionpressureand air density,
is about the same as that of sprays from plain round-hole
orifices. Increasein air density decreasesthe penetra-
tion in about the same ratio with all the injectionpres-
sures.

INTRODUCTION

PreviousN.A.C.A.publicationshave gi~en the charac-
teristicsof sprays obtainedfrom nozzleshaving plain
round-holeorificesof various sizes and various length-
diameterratios (references1 - 10), from centrifugal-type
nozzleshavipg round-holeorificesof differentsizes and .
used with valve stems having differenthelix angles (ref-
erences 6 and 11), from an annular-orificenozzle (refer-
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ence 12), and from an impinging-jetnozzle (reference13).
In “orderto make the availableinformationas completeas
possible,the resultsof tests made to determinethe char-
acteristicsof sprays obtainedfrom pintle-typeinjection
nozzles are here presented.

The photographsobtainedshow the spray appearances
and from these photographsthe penetrationfor two differ-
ent pintle nozzleswas obtainedwhen using injectionpres-
sures of 1,500 to 4,000 pounds per square inch and valve-
openingpressuresof 600 to 3,600 pounds per square inch,
and injectinginto air at densitiesof 11 to 18 atmospheres
and at room temperature As explained in reference5, the
densityand not the pressure of the air controlsthe pene-
trationof sprays. Although the Committeecompletedthe
experimentalpart of these tests in 1930, the urgency of
other work has delayedpublicationuntil the preraenttime.

APPARATUSAND METHODS

The spray photographswere takenwith the M.A.C.A.
spray-photographyapparatusdescribedin reference4.
“(Seefig. lJ The apparatusconsistsof an air-tight
chamberwith glass windows into which the fuel is inject-
ed, a high-speedcamera containinga film moving..2,000
inchesper second,and a spark gap across which a series
of sparks jump at rates from 2,000 to 4,000 per second in-
side a reflectorfocused on the spray chamber. IGachspark
give,san instantaneousphotographof the spray and succes-
sive photographsshow its development.

The pintle-typeinjectionvalve and nozzleswere
sta~q.ardcommercialproducts. The nozzle shown in fi ure

EZ wam~%~:signedto have a spray dispersionangle of 30 .
Thfs”??$.~~ehad a tapered”pintle with a maximum diameter
of d405Q ~q~~ and had an orifice whose projectedarea was
0.00~325 a“qutir.einch with the stem seatedand 0.0006S3
square inch with the stem lifted for injecting. !Chesec-
ond nozzle was sim~larto the first one but, by making the
pintle angle 8° inst~adqf 3Q”, this nozzle was designed
to give a spray diepe~sionaqg$,e of So. This nozzlehad
a pintle with a mnximurn.,digmeterof 0.039 inch and had an
orificewhose pro~ected+rea wee’%000357 square inch with
the stem seatedand 0.000Q4.3.sq~a.re,i.~-qhwith the stem
lifted for injectiug.
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The steel injectiontube was 50 inches Jong and had
insideand outsidediametersof 1/8 and 1/4 inch. The
fuel oil had a specificgravity of 0.83 and a viscosity
of 0.02 poise at 100° F.

The values of spray-tippenetrationwere obtainedby
measuringthe heights of the spray imagesand were plotted
against the measured time after the start of the spray.
The start of the spray was taken as the point a-twhich a-
smooth curve drawn throughthe tips of the spray images
intersecteda line drawn throughthe bases of the spray
images. Because of their being recessed slightlyinto the
chamberwalls the nozzles are not visible in the photogr-aphs.

TEST RESULTS A2?DDISCUSSION

Nozzle with 8° pintle.-.—.-——- ~igure 3 shows the ~ppearance
of the spray obtainedf= the nozzle with the 8 pintle
when injectedby a pressure of 1,500 pounds per square inch
into air at a density of 18 atmospheresand at room tempera-
ture. This spraywas similar to sprays obtainedfrom plain
round-holeorifices,althoughthere were sore=slightdiffer-
ences. Sprays from plain round-holeorificesusual-lyh-ave
smallercross sectionsnear the nozzles. Also, the spray
from the pintle nozzle had a smaller cone angle than spr~ys “
from plain round-holeorificesduring th,eearly period of
injection,but after the spray became fully developedthere
was little differencein cone angle. Although the spray..
had the appearanceof being well atomized,no definitecon-
clusionscan be drawn about the atomizationof a fuel kpray
from its externalappearance.

Eigure 4 shows,plotted against time, the digtance
the tip of the spray from the 8° pintle nozzle penetrated
in the dense air at room temperaturewhen the injection
pressurewas 1,500 pounds per square inclx.andthe valve-
openingpressure 600 pounds per .~quareinch. The curveti
show that the spray penetrated5 inches”in 0.0025 second
when injected.int’oair at a density of 11.2 atmospheres,
wheres it penetratedonly 3.3 inches in the same time when
injectedinto air at a denstty of 18 atmospheres. .

Figures.4to 7 show that as the injectionpressure
was increasedthe penetrationin a given time steadilyin-
,creaseduntil with-an injectionpressure of 4,000 pounds
per square inch the spray traveleda given distance-from
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the nozzle in about one half the time requiredwith an inj-
ection pressureof 1,500 pounds per square inch. The in-
urease in penetrationalso wae due partly to the increase
In valve openingpressure for, as shown in reference14,
penetrationincreaseswith increasein valve openin&pres-
sure as long as the valve opening.pressure is not greater
than the injectionpressure. The@e figure~also show that
increasingthe chamber-airdensitydecreaaedthe penetra-
tion in aboVt the same ratio with all the injectionFres-
suref3.The appearanceof the spray changedlittlowith in-
crease in Injectionpressure,but the cone angle increased
slightly.

Nozzle with 30° nintle.-”~igure 8 shows that the—. —
sprays from the 300 pintle nozslehad an appearancesimi-
lar to that of sprays from the 8° pintle nozzle. The
bulgingat the tip of the spray was due to some peculiar-
ity of this injection,for other ~tctures of spraysfrom
this nozzle did not have bulging taps. This photograph
had to be used for ~ublicationbecause the other photo-
graphs eitherwere not good for reproductionor the photo-
graphs of the spray from the 8° nozzle taken under corre-
spondingconditionswere not good. I!’igureB9 to 12 show
the penetrationobtainedwith the 30° pintle nozzle under
the same conditionsthat were used in testing the nozzlo
with an 8° pintle. B’orcorrespondingconditions,the pen-
etrationwas slightlyless with the 300 pintle nozzle.
The density of the air seemed,however, to have les6 ef-
fect on the penetrationwhen using this nozzle. These
figures show that an increasein the chamberair density
decreasedthe penetrationin about the same ratio with
each of the injectionpressuresused. .In figure 10 part
of the penetrationcurve for an air densityof 11.2 atmos-
pheres lies below that for a density of 14.6 atmospheres.
This fact shouldnot be taken as a dl,sproofof the above
statementconcerningthe effect of alr denelty on sFray
penetration,but should be attributedto some experimen-
tal variation. The Fintle nozzlesused in this work are
no longer available,so that the usual procedure in such
cases of obtainingcheck data cannot be followed.

CONCLUSIONS

The data presentedshow that:”

1. The cone angles of sprays from nozzleshaving Ein-
tle angles of 8° and 30° are differentdurtpg the early .



l?.A.C.A. TechnicalNote No. 465 5..

part of their injectionperiods but are approximafelyth=
same during the’later stages,and are approximatelyth~
same as the cone angle of sprays from plain round-holeor-
ifices. —.

2. The penetrationper unit of time of spraysfrom
the 80 pintle nozzle is slightlyhigher than that of
sprays from the 30° pintle nozzle, and is about the same
as that of sprays from plain round-holenozzles.

3. Increasingchamber density decreasesthe penetra-
tion of sprays from pintle nozzles in about the same ratio
for %oth high and low injectionpressures.

Langley MemorialA<.ronaut$calLaboratory,
NationalAdv%sory Committeefor Aeronautics,

Langley Field, Vs., July 5, 1933.
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Figure2.- S~etchof thenozzlewith20°pintle.
Pintlediameter,0.059inch.
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Figure 3. Spray from noz!zle with 80 pintle, injeotion preeaure 1500 lb. /sq. in.,
valve opening pressure 600 lb. /aq. in., ohember demity M atmospheres

Time, aeoond

Figure 8. 6pray from nozzle with 30° pintle, injeotion preseure MOO lb. /eq. in.l
valve opening pressure 600 ~./W*in”~ ohamber demity 1.6 atmapheree
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